Small non-functioning pancreatic NETs (pNETs) ≤2 cm can pose a management dilemma in terms of surveillance or resection. There is evidence to suggest that a surveillance approach can be considered since there are no significant radiological changes observed in lesions during long-term follow-up. However, other studies have suggested locoregional spread can be present in ≤2 cm pNETs. The aim of this study was to characterise the prevalence of malignant features and identify any useful predictive variables in a surgically resected cohort of pNETs. 418 patients with pNETs were identified from 5 NET centres. Of these 227 were included for main analysis of tumour characteristics. Mean age of patients was 57 years, 47% were female. The median follow-up was 48.2 months. Malignant features were identified in 38% of ≤2 cm pNETs. ROC analysis showed that the current cut-off of 20 mm had a sensitivity of 84% for malignancy. The rate of malignant features is in keeping with other surgical series and challenges the belief that small pNETs have a low malignant potential. This study does not support a 20 mm size cut-off as being a solitary safe parameter to exclude malignancy in pNETs.
Introduction
Small pancreatic neuroendocrine tumours pose a management dilemma between surveillance and resection due to the uncertain natural history of these tumours. The case for surveillance in tumours ≤2 cm is supported by European Neuroendocrine Tumour Society (ENETS) guidelines that state 'A conservative approach seems to be safe as the majority of the observed tumours did not show any significant changes during follow-up' (1) . A recent systematic review (2) of studies including a surveillance cohort also concludes that this strategy is safe for selected cases, with fewer than 10% of tumours demonstrating growth during surveillance (3, 4, 5, 6, 7, 8) . Additionally, autopsy series show that the prevalence of pNETs may be as high as 1-3%, adding weight to the case for surveillance of small asymptomatic lesions (9, 10) . Finally, surveillance is strongly supported by evidence and guidelines for MEN1 and VHL tumours ≤2 cm, which may be encouraging the practice in sporadic tumours (1, 11) . Variation and controversy exist as to the specific criteria used to select patients for surveillance, and as to the best strategy for using imaging for surveillance.
The case for surgery in all non-functional tumours ≤2 cm does not have specific support in guidelines, but the WHO changed its classification of pNETs from 2004 to 2010 to now state that all pNETs have malignant potential (12) . Evidence supporting a surgical approach for tumours ≤2 cm comes from a variety of institutional surgical series and national databases that report malignant features in small, sporadic, asymptomatic tumours. Metastatic disease to the liver is reported in up to 10% of cases from ≤2 cm surgical series (5, 6, 13, 14) . Nodal involvement is reported in up to 14% of cases ≤2 cm, but the impact of nodal involvement on future metastasis or overall survival is debated (15, 16, 17, 18, 19) . The lack of validated, reliable predictors of malignancy, such as serum markers or radiological features, makes the case for surgery stronger at the present time.
The aim of this study is to use a cohort of resected, nonfunctional, sporadic tumours from five centres that do not routinely adopt surveillance in order to characterise the prevalence of malignant features and identify any useful predictive variables.
Materials and methods

Patient selection
The study was designed as a multicentre, retrospective surgical cohort review. Patients were selected using the local NET databases of four UK ENETS Centres of Excellence and the University Hospital of Hamburg. Inclusion criteria were: (1) histopathological diagnosis of pancreatic neuroendocrine tumour; (2) surgical resection of primary tumour before 2014; (3) all stages and grades of disease. Specific exclusion criteria were used: (1) familial syndromes including MEN1, von Hippel Lindau and tuberous sclerosis; (2) patients with syndromes secondary to functionally active pNETs; (3) patients that did not receive resection of their pancreatic primary with curative intent; (4) for analysis of survival, an additional exclusion criterion of patients with less than 12 months of follow-up was applied. Ethical approval was granted from the University of Warwick Biomedical and Scientific Ethics Committee (REGO-2015-1675).
Data collection
Patient notes were reviewed for relevant variables, and data were collated between centres using a standardised Microsoft Access v16 database. Tumour diameter, morphology and immunohistochemical staining were all recorded from resected surgical specimens reported by dedicated NET pathologists. Tumours were defined as having features suggestive of malignancy if they displayed any of the following: local invasion, vascular invasion, lymph node metastasis or distant metastasis (synchronous or metachronous). Tumours were staged according to the ENETS TNM system for pancreatic neuroendocrine tumours (20) . Where staining with the Ki67 antigen was available, grading was assigned using the WHO 2010 system (21) . Peri-operative mortality was defined as death within 30 days of surgery; analysis of surgical morbidity was not possible because of heterogeneity of recorded data between centres. Samples were exclusively derived from surgical procedures that were performed for clinical reasons and usual consent procedures were in place.
Follow-up and outcomes
Patients were followed up with cross-sectional imaging and outpatient appointments for a minimum of 12 months. Median follow-up was calculated using the reverse KaplanMeier method (22) . All-cause mortality was confirmed for UK patients using a national register of death. Progressive disease was defined using a composite outcome of local recurrence, progression of pre-operatively diagnosed liver metastases or a new diagnosis of distant metastasis. Patients had a mean age of 57, 47% were female and 54% received surgery before 2010; there was no statistical difference for these variables between patients with tumours ≤2 cm or >2 cm (Table 1) . Larger tumours were significantly more likely to originate from the tail of the pancreas (P = 0.009) and to present with distant metastases (P = 0.001).
Statistical analysis
Full pre-operative work-up data were not available from all sites. However, full data were available from two centres, representing 35 of the 66 patients with tumours <2 cm. As part of work-up, 31 (89%) patients received CT imaging, 11 (31%) MRI, 20 (57%) Octreoscan, 4 (11%) gallium dotatate and 17 (49%) endoscopic ultrasound. Of this subgroup of patients, 8 (23%) had surgically verified lymph node involvement. Pre-operative imaging detected lymph node involvement in three of these cases, in two cases visible on CT and in one case visible on MRI. In the 5 cases where imaging failed to detect lymph nodes, only one patient had received a pre-operative MRI, the remainder receiving a mixture of CT, endoscopy and octreoscan.
Surgical procedure did not vary significantly by tumour diameter group, but enucleations were more common in tumours ≤2 cm (Table 2) . Pancreatic head surgery (Whipple's, PPPD or DPP) was performed in 31 (47%) patients with tumours ≤2 cm compared to 37% of larger tumours, suggesting that pancreatic head pathology was not viewed as a relative contraindication to surgery even for small asymptomatic tumours. There were 4 cases of perioperative mortality, all following Whipple's procedures performed before 2010 for tumours >2 cm. 168 (82%) patients had R0 surgical margins; those that were R1/R2 included two enucleations for tumours ≤2 cm.
Tumours >2 cm were significantly more likely to have local invasion, vascular invasion, nodal involvement, distant metastasis or higher grade morphology (P < 0.001).
Malignant features were observed in 38% of tumours ≤2 cm. 12 (18%) tumours had invaded locally, typically the common bile duct or duodenum. 13 (20%) tumours had nodal involvement. There were 10 cases of liver metastases present at diagnosis, of whom 2 had additional peritoneal deposits and 1 developed bone metastasis to the humerus after surgery. Additional characteristics of tumours ≤2 cm with liver metastases were that 7/10 had negative nodes, 5/10 had grade 1 histology and the smallest tumours were 10 mm. Figure 2 and Table 3 demonstrate that whilst malignancy is predicted by increasing diameter across all tumour sizes (OR 1.09), when only considering tumours ≤2 cm diameter is not correlated with malignant features. ROC analysis showed that the current 20 mm cut-off had a sensitivity of 84% for malignancy (AUC 0.823), 15 mm a sensitivity of 91% and 10 mm 97%. Patients with >12-month follow-up experienced a median overall survival of 202 months with no significant difference between tumours ≤2 cm and >2 cm (Table 4) . However, as demonstrated by Fig. 3 , tumours ≤2 cm experienced initial mortality similar to tumours >2 cm, followed by stable survival of 87% for 10 years. In 4 of these 8 cases, death was attributable to surgical complications, but at greater than 30 days. The specific cause is not known for the remaining 4 cases, but 2 had known liver metastases. Significant prognostic factors included stage, grade and extrahepatic disease; grade and extrahepatic disease remained significant in multivariate analysis after correcting for age and year of surgery (Table 5) .
Progression was defined by local recurrence, new or progressive metastases or death ( Table 4 ). The 11 cases of local recurrence were associated with involved margins (OR 4.62, P = 0.038). Median PFS was significantly better for tumours ≤2 cm (139 vs 47.7 months; P = 0.002). Stage, grade, diameter, vascular invasion, nodal metastases, distant metastasis, involved margins and elevated CgA were all predictive of progression (Table 5) . In a multivariate model diameter (HR 1.011), grade (HR 2.68) and margin involvement (HR 2.581) remained significant after correcting for gender. Subgroup analysis of tumours ≤2 cm was insignificant for overall survival given the rarity of events, but analysis of PFS mirrored results of the whole cohort with grade, stage and extrahepatic disease remaining significant factors.
Discussion
This study has demonstrated that tumours ≤2 cm can have malignant characteristics including nodal and distant metastatic disease. More importantly the overall survival of the ≤2 cm vs >2 cm cohort is not significantly different suggesting that the biology of these tumours is not altogether that different.
The natural history of these sporadic, incidental tumours is not well understood but would be studied in an ideal world with a prospective, cross-sectional cohort study with decades of follow-up and tissue diagnosis. Without a robust understanding of the natural history, it is consequently difficult to establish specific criteria for a surveillance management strategy. This would require a Progression-free (PFS) and all-cause mortality are presented as median survival in months from surgery. Comparisons are made using Fisher's exact test or the log-rank test. *P < 0.05; **P < 0.005; ***P < 0.001.
randomised trial between surgery and surveillance for a high level of evidence. Consequently, a variety of surgical series, reviews of national databases and retrospective observational studies have been performed but are plagued by a variety of methodological limitations. The present study is not free from limitations, but its multicentre approach with an almost exclusively surgical strategy and long follow-up does have advantages. An evaluation of the various strengths and limitations is detailed below.
Median follow-up varies considerably in published observational cohorts, but is rarely more than 44 months and a mean of the medians was only 38.4 months ( Table 6 ). By contrast, the median survival of tumours ≤2 cm in our study was 47.6 months, shorter only than the study by Zhang and coworkers (8) . In a tumour group in which metastases have been reported up to 6 years after diagnosis, long-term follow-up is clearly necessary in order to assess the safety (8) .
Amongst all published studies of observational cohorts, only 173 (41%) of patients had a tissue-proven diagnosis of a pNET (Table 6 ). Only one study reported the use of Gallium-PET scanning in order to improve the accuracy of diagnosis, the remainder using CT appearances only (6) . If only half of the tumours undergoing surveillance had malignant potential, then the rate of progression of pNETs undergoing surveillance may have been severely underestimated. By definition, all patients in our surgical series had a tissue-proven diagnosis.
Practices regarding selection for surgery or surveillance vary widely between centres resulting in considerable heterogeneity in the published reports, making application of findings of individual studies difficult. For example, there are many reasons why patients underwent surveillance, including physician decision, patient surgical refusal and comorbid contraindications to surgery. Where these data were available, it was evident that on average only 46% of eligible patients underwent surgery (Table 6) . A further source of heterogeneity is that inclusion criteria for surveillance varied between reported observational cohorts, in particular with regards to radiological nodal disease and grade, where known. Finally, criteria used to indicate a need for resection in a patient undergoing surveillance varied. Whilst growth on cross-sectional imaging was universally used, the impact of patient and physician preference on management varied widely. Of note and concern, patients who were observed but later resected were analysed as both surveillance and resection by different studies, making meta-analysis hazardous. This variation in reporting was addressed when constructing Table 6 . Compared to the published literature, we report 25 (38%) tumours ≤2 cm having malignant features when histopathology was reviewed, suggesting that these small tumours are not benign or indolent. Distant metastases were present in 15% of cases at presentation, all to the liver. This is in keeping with other surgical series that report a combined rate of metastasis of 9.7% (Table 7) . In this study the smallest diameter of primary with distant metastases was 10 mm, which is also in keeping with other studies that report metastatic diameters of 10 mm (8) and 25 mm (5). Thus, using 20 mm or even 15 mm as has been suggested as a criterion for surveillance will not guarantee the absence of metastatic disease (5, 7).
There was one case (1.7%) of liver metastases that developed following surgery in a tumour ≤2 cm in this study. This is in keeping with the surgical literature that reports 23 cases (3.7%) in a similar cohort, whilst 14 patients (3.3%) in surveillance studies experienced metachronous metastases. Of concern, these cases were difficult to predict. One surveillance study described two cases of metachronous metastasis with no increase in size of the primary, making diameter-based surveillance strategies problematic (7) . In the present study, the one case of later metastasis had 2/8 lymph nodes positive, but many cases of metachronous metastases from tumours with negative nodes have been described (23) .
In this study 43% of lymph nodes in tumours >2 cm were involved, falling to 20% in tumours ≤2 cm. This compares to 12.3% on average in other comparable surgical series (Table 7) . A review of a national database of tumours ≤2 cm revealed rates of lymph node metastasis as high as 30% in tumours <5 mm, but these findings must be questioned given the limitations of national coding variation (24) . Limited sampling made calculation of the lymph node ratio difficult. Of interest, nodal involvement was not significantly associated with progression in tumours ≤2 cm, making the presence of nodes of equivocal importance when defining management strategy for small tumours. Nodal positivity was not significantly prognostic across all tumours, in keeping with a number of other studies. As described earlier, lymph node metastasis was accurately diagnosed on pre-operative imaging when both CT and MRI were included, and as such, any future surveillance protocol should consider including both modalities as well as considering endoscopy and somatostatin-based imaging.
There are currently two prospective clinical trials underway to help determine the natural history of small pancreatic NETs. The IPANEMA trial (non-functioning small (≤2 cm) neuroendocrine pancreatic incidentaloma; ClinicalTrials.gov Identifier NCT03022188) aims to determine the natural history of small non-functional tumours observed for a period of three years. The second study ASPEN (a prospective evaluation of the management of sporadic asymptomatic non-functioning pancreatic neuroendocrine neoplasms ≤2 cm) is a prospective observational study assessing time to progression in patients not undergoing surgery and also time to recurrence in patients who do undergo surgery in small pNETs.
The consideration of surgery in small incidentalomas is not without risk: there is a significant risk of morbidity (around 30%) and mortality (1-5%) with surgery especially if undertaking a Whipples procedure. Whilst observation of these tumours may be appropriate in some cases; however, the natural history of these lesions in an individual patient cannot be accurately predicted. Therefore, this does need to be discussed in detail with the patient prior to offering surgery for small incidental non-functional pancreatic NETs. Full staging with cross-sectional imaging, PET imaging and histological confirmation of tumour would help ensure that there is no overt lymph node or metastatic involvement and also the grade of tumour. This could help with the decisionmaking process. Recent advances in contrast-enhanced endoscopic ultrasound could also offer benefit in helping determine the nature of lesions.
The present study has a number of specific limitations. The cause of death was not established for all cases and consequently all-cause mortality was analysed, which may be considerably different from disease-specific mortality. The overall survival data are difficult to interpret since the cause of death is not known in this series. It seems unlikely that all deaths were related to pancreatic NET disease progression. Both asymptomatic, incidental cases as well as symptomatic presentation were included, which may have led to a higher observed prevalence of malignant features than other studies.
Conclusions
This study demonstrated that up to 38% of pNETs ≤2 cm display malignant features and that these are not correlated with increasing tumour diameter. This rate of malignant features is in keeping with other surgical series and challenges the belief that small pNETs have low malignant potential. This study does not support 20 mm as a safe cutoff for malignancy, and indeed no single diameter criteria can be used to define surveillance strategies.
